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FOREWORD

In October 1987 the Florida Department of Envirconmental Reg-
ulation (DER) provided a grant to St. Johns County to un-
dertake this study of the Lower Matanzas River—-Moultrie
Creek-Moses Creek Watersheds out of concern for the water
quality degradation previously observed in the Matanzas
River (DER contract No. CM-207). A previous report pro-
duced wunder the Florida Coastal Management Program (1979)
had identified septic tank effluent discharges and non—point
source pollution (including storm drainage) as major threats
to shellfish growing areas in the Matanzas River. The first
phase of the study was completed in May 1989. The Phase 1
activities consisted of data collection, development of
evaluation methods and techniques, initial Geographic Infor-
mation system development, and presentation of general condi-
tions found within the Moultrie Creek—Moses Creek watersheds.

The St. Johns County Commission responded to the estuarine
water quality problem identified in the original DER 1979
study through the adoption of a County-wide drainage ordi-
nance in 1986. In spite of these actions, the shellfish
growing areas and the general quality of estuarine waters
within the St. Augustine area continue to be threatened.

In August 1988 St. Johns County requested, through DER, U. S.
Army Corps of Engineers (Corps) technical assistance in evalu-
ating water resource conditions related to the St. Johns
County stormwater management concerns already under study
through the DER grant. The Corps can participate in water
related planning investigations under the authority of Sec-
tion 22, Water Resources Development Act of 1974 (Public Law
93-251). This law provides authority for cooperating with any
state 1in the preparation of comprehensive plans for water
resources development, utilization, and conservation. The
Corps of Engineers produced partial report materials for
local review in September and October 1989. A draft docu-
ment completing the Corps of Engineers participation in this
study was submitted for finalization by the St. Johns County
Engineering Department in November 1989.

This Phase 2 report in response to DER contract CM—217 pro-

vides an overview of the water resource management problems
in St. Johns County using the Moultrie Creek and Moses

viii



Creek watershed as an example area. The report responds to
the DER grant purpose of developing a basis for County—wide
improvements in stormwater management, flood protection,
and protection of natural resources. The report incorpo-
rates the findings of the Phase 1 efforts of the study acti-
vities and subsequent information development undertaken
through this second phase of the study. The report also pro-
vides information for wuse by St. Johns County in the de-
velopment of a comprehensive plan in response to State of
Florida growth management requirements.

Finally, the primary focus of this report must be oriented
towards the satisfaction of the DER contract requirements.
The content of the Study Process for DER contract CM-217 ap-
pears in the Appendix. Emphasis has been given in the or-
ganization and content of this report to address contract
required topics.

A compcnent of this study, of interest to the Florida Depart-
ment of Environmental Regulation, is the St. Johns County En-
gineering Department's progress in developing a geographical
information system. This system has great potential for use
as a basis for evaluating existing stormwater related problems
and potential impacts resulting from proposed new develop-
ments. The study identifies some of the technical constraints
accompanying the establishment of such a program.

In support of the report findings and recommendations, the
County has initiated a computerized Geographic Information
system (GIS) to most efficiently manage local government oper-
ations, including evaluation of proposed developments and im-
provements to existing facilities. The GIS is being designed
as a product of this basin management program to address sev-
eral of the tasks within the contractual scope of work. The
GIS has many practical applications including near instanta-
neous updating of graphical information 1layers illustrating
land wuse and cover, approved development layouts, soil types,
topography, ownership boundaries, easements for drainage, sep-
tic facility location, wetland boundaries, significant ar-
cheological features, =zoning, access, utility location, and
other characteristics. All of these layers can be used singu-
larly or in combination to evaluate new development proposals
and rezonings, modify major utility lines, upgrade existing
facilities, identify significant natural and cultural resource
areas, and evaluate new transportation corridors. The GIS has
tremendous potential for local and regional applications. The
GIS is a highlight of this study because it serves as the
mechanism to incorporate the objectives of the study within
daily local government operations.
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In an effort to enhance the capabilities of the GIS system,
the County regquested, and was granted permission by DER to ac-
quire a Computer Aided Drafting and Design work station to de-
velop the priority components of the initial stormwater man-
agement plan. The CAD system will be used to input new de-
velopment plans such as Plats, rezonings, DRI's, stormwater
management system plans, utility location and other in-
formation directly into the GIS system as well as assist the
County in inputting existing basin information to be consid-
ered in the review of new development proposals into the GIS.

The report is also intended as a document through which the
Florida Department of Environmental Regulation can provide
guidance to other local governments on problems to be antici-
pated in establishing technologically advanced stormwater man-
agement procedures. The development of local government pro-
cedures for approaching stormwater management from a regional
or watershed perspective is still evolving. The study brings
together information on aspects of stormwater related problems
in the Moultrie Creek and Moses Creek watershed and identi-
fies management procedures for addressing these problems.

To identify parallel management methods used by other
local governments, this study included the review of applica-
ble stormwater management related ordinances used by a vari-
ety of other local governments in Florida. Guidance from some
of these ordinances has been incorporated in this study. 1In
general, large metropolitan governments in Florida have, in
varying degrees, recognized and addressed watershed management
needs. Acceptable mechanisms by which smaller governmental
bodies can resolve the regional aspects of stormwater man-
agement still remain to be developed.

The study also provides information on changes of manage-
ment processes within St. Johns County that may improve the
effectiveness of 1local water management procedures. Local
procedures for undertaking management changes is an in-
ternal County matter constrained by existing practices,
public perception of need, available technical capabili-
ties, and the County's financial resources or budget limita-
tions. In practice, changes in local governmental operations
generally evolve slowly. Each small change in procedure may
result in unforeseen problems, and each problem must be re-
solved in a manner acceptable to all affected activities or
departments.

Finally, each local government 1is a management entity dif-
ferent from any other government. The St. Johns County
governmental structure 1is unique, and the manner in which
changes can be accomplished in St. Johns County will be
different than procedures adopted by any other government in



Florida. A significant management problem resolutlion process

within the St. Johns County government
riod of time should be expected.
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EXECUTIVE SUMMARY

This report focuses upon the stormwater management needs of
St. Johns County using the Moultrie Creek and Moses Creek
watersheds as an example area. Stormwater management, as
used in this report, encompasses a range of interrelated water
resource management problems of concern to local governments.
Effective stormwater management within St. Johns County re-
quires coordinated efforts between St. Johns County and mu-
nicipal governments, between St. Johns County and the St.
Johns River Water Management District, and among the several
agencles within the County and municipal governments with spe-
cial responsibilities for specific governmental functions
identified in this report. While the St. Johns County Engi-
neering Department is primarily responsible for enforcing
the St. Johns County Paving and Drainage Ordinance 86—4, ef-
fective stormwater management reguires an understanding of
potential impacts of enforcement measures upon the complex
factors that reflect upon the adequacy and quality of the
County's water resources.

Stormwater management in the Florida environment must con-
sider much more than the need to remove excess surface
water from developed areas. The Florida Department of Envi-
ronmental Regulation initiated this study as a means of as-
sisting the County to establish practices that would protect
the water quality of local area estuaries. While water qual-
ity concerns are important, this study alsoc illustrates hy-
drelogy principles that must be applied to stormwater man-
agement and general water practices in order to preserve St.
Johns County's ground water supplies and significant natural
resource areas.

The State of Florida has determined that wetlands are impor-
tant natural resources that must be protected by local
and state governmental actions. This study identifies sig-
nificant natural resource areas within the Moultrie Creek and
Moses Creek watersheds and establishes some simplified cri-
teria for determining, delineating, and protecting these
areas. However, the study focuses primarily upon the engi-
neering practices that can be used to permit development and
still protect significant natural resource areas along stream
courses and within uplands of watersheds.
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As noted above, an important component of this report is the
presentation of the relationship Dbetween stormwater man-
agement practices and the need to protect the ground water re-
sources used by all residents 1living within the County. The
inherent problems associated with the long—term practice of
uncontrolled positive drainage consisting of the ditching,
draining, and dropping of the local area ground water tables
has been given emphasis.

This report has been organized to provide nontechnical read-
ers with a general understanding of interrelated factors
influencing surface and dground water resources within the
County and to assist the reader in understanding the reasoning
behind the need for improved forms of water resource manage-
ment practices. At the same time, the report provides infor-
mation intended for wuse by the St. Johns County Engineering
Department. The information presented provides a framework
for a long term program that will permit the Engineering De-
partment to provide practical guidance to individuals inter-
ested in undertaking development efforts anywhere within the
County.

As the pressure of urban growth of metropclitan Jacksonville
continues to expand into St. Johns County, governmental pro-
cedures for reviewing proposed property improvements must
become more efficient. Informal methods of permit processing
and decision making acceptable 1in a slower paced govern-
mental process cannot meet current nor expected future
property development requirements. Property owners need
clear, easily understood, and reasonable requirements that
permit them to evaluate and undertake development actions.
This report presents some criteria oriented towards the pro-
vision of necessary governmental services with objectives and
procedures that are intended as clear and simplified guid-
ance to property owners who desire to improve their prop-
erties.

BASIN MANAGEMENT FEATURES

Basin Management issues addressed in this report primarily in-
clude control of stormwater runoff, protection of natural re-
source areas, recharge and protection of the surficial aqui-
fer, improvement and protection of surface water quality, and
prevention of flooding due to rainfall events. Findings and
recommendations are primarily addressed in chapters 9 and 11
of this report. The findings, criteria and recommendations
discussed in this summary are not inclusive of all the find-
ings and recommendations of this report. Also, the basin man-
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agement problems identified in this report are interrelated
and the long-term impact of these issues going uncorrected is
tremendous. :

Control of Stormwater Runoff

Erosion along the banks of the steep stream channels of Moult-
rie Creek occurs following heavy rainfalls. Unless stormwater
is retained or detained on lands improved for development, ac-
celerated eroded materials and contaminants from developed
lands will be discharged into the Matanzas River in increasing
quantities over time. As stormwater 1is diverted from re-
charge, the base flow of Moultrie Creek is being eliminated.
The reduction in base flow of Moultrie Creek will contribute
towards a decline in the ground water table, and an increase
in salt water intrusion in the areas around Moultrie Creek.

Once stormwater from normal annual rainfall is retained, the
overflow water from the infrequent and heavier rainfalls must
be detained and safely discharged at controlled rates to avoid
significant erosion and sedimentation and damages to receiving
water areas.

Control of stormwater runoff can be accomplished through de-
tention or retention storage in any land area capabkle of hol-
ding water without causing flooding of structure or roadways.
Outlets can be raised to provide some areas for extended
detention storage.

Protection of Natural Resource Areas

Development within or adjacent to the natural resource areas
including the drainageway fringe will require consideration
for the annual rise of the water table in these areas. Any
effort to drain these lands will have long-term impacts on
these areas and potential decline of the surficial aquifer
supplies, potential decline of the natural resource area and
potential of increased salt water intrusion. If the ground
water table is lowered through either overdrainage or through
deficient recharge, new growth of young plants and regenera-
tion of new growth will be eliminated. As this occurs the
natural area will begin a transitional process where vegeta-
tion that can sustain itself with less water will begin to re-
place the original species. Protection of significant natural
areas in uplands can be accomplished through control of water
table conditions.

The environmental health of the natural resource areas is de-
pendent upon continual ground water seepage from adjacent high-
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er water table areas and fresh water discharges from Moultrie
Creek and tributary streams. Thus, ground water recharge in
areas upland from natural resource areas is important for the
continued prosperity of these areas. The prevention of polu-
tion discharge 1into natural resource areas and areas dis-
charging to Moultrie Creek is also recommended for the future
well being of the natural resource areas.

Recharge and Protection of the Surficial Aquifer

The unpredictable nature of precipitation makes control of
ground water recharge both more difficult and important. Un-
less the stormwater systemsS are designed to detain or retain
the routine daily rainfall amounts expected on an annual ba-
sis, overdrainage of the surficial aquifer will occur. Re-
charge to the surficial aquifer can only occur when rain water
from normal rainfalls expected on an annual basis i1s retained
long enough to infiltrate the surface and allowed to slowly
percolate downward through the water table. Currently, with-
drawals from the surficial aquifer for public water supplies
are exceeding the natural rain water recharge in the areas of
the well fields. From this, further declines in the local wa-
ter table can be expected.

Uncontrolled drainage directed to Moultrie Creek removes
stormwater before it can infiltrate to provide recharge to the
surficial aquifer. Detention/retention storage or containment
for ground water supply recharge through infiltration must be
emphasized in the vicinity of the land surface areas beneath
which surficial aquifer water is withdrawn. Increasing stor-
age of stormwater and the diversion of stormwater <towards
cones of depressions are essential to avoid water table de-
clines in the vicinity of the well fields.

Septic tank effluents are significant sources of water re-
charge to the surficial aquifer. Maximizing rainfall reten-
tion in these areas would serve to increase recharge and pro-
vide a means for diluting septic tank effluents. As the cone
of depression from a well approaches the ground surface, sep-
tic tank effluents will be drawn downward which may introduce
pathogens into the well water.

Recharge of the surficial aquifer is all important due to the
extreme difficulty in rehabilitating wetlands following over-
drainage. Overdrainage of ground water and uncontrolled
drainage of stormwater contribute to the permanent and even-
tual lowering of the water table and should therefore be
avoided.
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Improvement and Protection of Surface Water Quality

Stormwater detention/retention facilities can help reduce pol-
lutant loads characteristically found in urban runcff. Reten-
tion facilities designed to store the first one inch of every
rainfall would more adequately serve water pollution control,
water supply recharge, and significant natural resource area
regquirements. A number of small retention facilities provide
a distributed and more effective system for ground water re-
charge than a single large retention facility.

The entrapment of contaminants from roadway traffic in reten-
tionh storage catchment facilities along Moultrie Creek and the
Matanzas River is vital for the preservation of the surface
water quality of the Matanzas River. Surface water quality
is also a victim of septic tank effluent which often contains
materials toxic to the natural biological processes in the
estuary. In addition, as development increases, the release of
nutrients as septic tank effluents will alse increase and
will eventually overload those natural processes responsible
for handling the effluent.

Prevention of Flooding Due to Rainfall Events

The actual frequency, duration and volume of rainfall events
are unpredictable in St. Johns County, therefore it is impor-
tant that an acceptable design be developed and adhered to on
the County level. The 10-year 24 hour storm shall be used for
design of stormwater infrastructure. Under recommendations of
this stormwater management plan, construction of major roads
and inhabited buildings will be located above the 100-year
flood elevation. In addition, the controlled flow of storm-
water has many advantages including prevention of the
following: erosion of stormwater conveyance systems, sedimen-
tation to downstream areas, accelerated eutrophication of do-
wnstream water bodies, and toxic materials entering receiving
waters and degrading surface water quality.

Other Developmental Concerns

The annual high water table should be of great concern. The
water table naturally fluctuates greatly. As the water table
approaches within six inches of the subbase of a roadway the
subbase can become saturated and cause deterioration of the
subbase and eventual decay of the roadway. Also, as the water
table approaches the bottom of retention facilities used for
recharge, they cease to drain, can become flooded with ground
water, and can cause flooding in the area contributing to the
pond. It is for this reason that developments should be built
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above the annual high water table. In the past this was
accomplished through drainage of the ground water. This has
become an increasingly unacceptable practice as the longterm
effects have become known.

This study serves as the basis for formulation of a County
wide program for improvements in stormwater management, flood
protection, and protection of natural resources. This report
has identified problems, offered recommendations for improve-
ment, and presented alternatives in use by other local gov-
ernments to meet the challenges proposed by the ever in-
creasing demands from growth upon County governments through-
out Florida.
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1

AREA ORIENTATION
STUDY AREA

General

St. Johns County is located in northeast Florida with about
42 miles of coastline bordering the Atlantic Ocean (Figure
1-1. Orientation Map). The County is bounded on the north
by Duval County and on the south by Flagler County. On the
west and from the County's southwest corner to Deep Creek,
St. Johns County abuts Putnam County. From Deep Creek
northward, the western boundary of the County abutting
Putnam and Clay counties is within the St. Johns River.

The study area is in the southeastern part of the County, with
the boundaries of the study area being State Road No. 207 to
the north, Interstate No. 95 to the west, State Road No. 206
to the south, and the Sebastian and Matanzas Rivers to the
east.

The County has a total area of approximately 673 square
miles, including about 60 square miles of open water. About
14 square miles of open water exists along the eastern side
of the County in association with the Intracoastal Waterway.
About 5 square miles are 1lakes, borrow pits, and streams.
Another 41 square miles of open water occurs along the
western side of the County within the St. Johns River.

About 362 square miles of the County drains westward towards
the St. Johns River. Drainage from the roughly 16 square
miles of land area in the general area of Palm Valley flows
northward via the Intracoastal waterway and Pablo Creek to
the St. Johns River. An estimated eight square miles of
shoreline area, 1including 3.2 square miles in the Salt Run

area (largely St. Augustine Beach), drains to the St. Au-
gustine Inlet or the ocean, and about 231 square miles drain
to the Tolomato or Matanzas rivers. Of the area draining to

the Matanzas River, it is estimated that 15.8 square miles
drains via Moses Creek and 41.7 square miles drains via Moult-
rie Creek.
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The Tolomato and Matanzas Rivers have been canalized to a
maintained depth of 12 feet and width of 125 feet as part of
the Intracoastal Waterway Federal project. The combined water
area, marsh area, and associated minor drainageways directly
associated with these two rivers within St. Johns County is
estimated at about 71 square miles.

Essentially all of the 84 square miles of the Tolomato
River drainage area and about 97 square miles of the 161
square mile drainage area of the Matanzas River discharge
fresh water to the ocean through the St. Augustine Inlet.
About 64 square miles of the Matanzas River watershed, essen-
tially the area between Moses Creek and Pellicer Creek, can
be expected to discharge to the Atlantic Ocean through the
Matanzas Inlet. The mouth of Moses Creek is almost 6 miles
from the Matanzas Inlet and about 11 miles from the St. Au-
gustine Inlet. Fresh water discharges from Moses Creek can
be expected to provide a greater influence to water quality
conditions in the vicinity of the Matanzas Inlet.

Moultrie Creek drains into the Matanzas River at a point about
5.8 miles south of the St. Augustine 1Inlet. Moultrie Creek
is tidally influenced for a distance of about 5 miles upstream
of its mouth and 3.4 miles upstream of the U.S. Highway #1
bridge. The southerly extent of reversing tidal influence and
water exchange in the Matanzas River from the St. Augustine
Inlet is unknown.

St. Augustine Harbor and Inlet

The St. Augustine Harbor was developed as a Federal project
(Figure 1-2. st. Augustine Harbor, FL). The harbor consists
of a stabilized channel 16 feet deep and 200 feet wide across
the St. Augustine Inlet bar, then 12 feet deep to the 1In-
tracoastal Waterway, and a channel ten feet deep and 100 feet
wide 1in the San Sebastian River from the Intracoastal Wa-
terway to the Kings Street bridge. The St. Augustine Inlet
was dredged across North Point (Vilano Beach) in 1940. It
was 1initially known as the north entrance or new inlet.
The original inlet was located at the southerly extent of
Bird 1Island (now Conch Island) in what is now Anastasia State
Park. Salt Run is the residual channelway to the original in-
let.

Boat anchorages occur both to north and south of the Bridge
of Lions in the Matanzas River. Salt Run also provides
protected anchorages for boats. The mouth of the San Sebas-
tian River is about 1.8 miles south of the Bridge of Lions.
Most of the commercial terminals in St. Augustine are lo-



Figure 1-2. S1. Augustine Harbor, FL.
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cated along the 1lower 2.5 miles of the San Sebastian River.

Freshwater discharges from urban areas and activities associ-
ated with St. Augustine, St. Augustine Harbor, San Sebastian
Creek, the lower Matanzas River and the Tolomato River are
well mixed by the reversing tides moving through St. Augustine
Inlet. Detailed studies would have to be conducted to esti-
mate the extent of fresh water flushing that occurs through
the inlet with each ebb or outgoing tide. Correspondingly,
ocean water entering the harbor during flood or incoming
tides can be expected to mix with the fresher waters within
the harbor area and distribute these mixed waters upstream
into the lower courses of the tributary streams, including
Moultrie Creek.

The mixing process and redistribution of waters from the
ocean and the several fresh water sources is ongoing with
each tide reversal. The estuarine water quality throughout
the area of influence of the tide reversal mixing pro-
cess reflects the contributions of all sources of water
within the system.

The water carried to the ocean through the St. Augustine Inlet
is picked up and mixed with the ocean alongshore or 1littoral

current. During the winter months of the year, this cur-
rent or southerly drift moves water southward along the
coastline. This movement is caused by wind generated swells

produced by prevailing winds from the northeast. During the
summer months, prevailing winds are from the southeast, and
water from the St. Augustine Inlet becomes part of a north-
ward 1littoral current. These alongshore currents are repre-
sentative of the quality of ocean waters reaching St. Johns
County shores.

Tide Ranges

The mean tide range through the St. Augustine Inlet is about
4.5 feet, and the mean spring tide range is about 5.3 feet.
At the Bridge of Lions connecting the City of St. Augustine
with Anastasia Island about two miles from the inlet, the
mean tide range is about 4.2 feet.

The 1989 mean tide level at the Bridge of Lions was 0.38 feet
above the National Geodetic Vertical Datum of 1929 (NGVD).
NGVD is the national land leveling network upon which all land
elevations in the United States are based. Based upon the
tide range of 4.2 feet at the Bridge of Lions, the tide
range at the mouth of Moultrie Creek is estimated at slight-
ly less than four feet, and the elevation of mean high tide is
about 2.3 feet above NGVD.



The highest tide on record at St. Augustine occurred during
Hurricane Dora, September 10 and 11, 1964, when a high water
elevation of twelve feet was recorded at the St. Augustine
waterfront. An October 1944 hurricane that originated in the
Caribbean, entered Florida near Sarasota on the west coast
and crossed into the Atlantic Ocean near Jacksonville.
This storm produced a hurricane tide of 7.9 feet NGVD at
St. Augustine. The following return f£frequencies of storm
surge related flood elevations have been established by the
Federal Emergency Management Agency (FEMA) for national flood
insurance purposes on the Matanzas River at the mouth of
the San Sebastian River: 10 yr.—4.8 feet; 50 yr.-7.3 feet;
100 yr.-8.5 feet; and, 500 yr.-10.9 feet.

Federal Emergency Management Agency Flood Insurance Rate Map
(FIRM) information for St. Johns County (Community No.
125147) (dated September 1985) established a 100 year re-
turn period flood elevation at the mouth of Moultrie Creek at
8 feet NGVD and the ten year return period flood elevation
at about 4.5 feet. These flood elevations would be caused by
storm tides.

Sea Level Rise

Throughout geologic history, global sea level variations
(both rise and fall) have occurred. Some authorities have
found evidence to indicate that we may be entering a new pe-
ricd of glacial advance with a resultant future drop in sea
level. Others argue that increasing atmospheric concentra-
tions of carbon dioxide and other gases are causing the earth
to accelerate the warming trend of the current interglacial
period. Accelerated warming would lead to further retreat
of continental glaciers and a more rapid rise in sea level.

The national agency responsible for measuring sea level
changes 1is the National Ocean Survey, a part of the Na-
tional Geodetic survey. From this agency's publication, Sea
Level Variations for the United States 1855-1980 the trend of
relative sea level change is on the order of a 1.9 mm rise
in sea level per vear. The National Research Council (NRC},
whose members are drawn from the Councils of the National
Academy of Sciences, the National Academy of Engineering,
and the Institute of Medicine, has recommended that federal
agencies should consider the high probability of future sea
level rise. It may be some time before precise estimates of
future sea level rise are possible. In the meantime, the
risks associated with a substantial rise should not be disre-
garded.




The U. S. Army Corps of Engineers considers that at least
twenty—five vyears of additional records will be needed to es-
timate 1local effective sea level rise rates with reasonable
certainty and to reach some consensus on which of the var-
ious sea level rise scenarios is most likely. For now
planning should consider what impact a higher relative sea
level rise rate scenario would have on the design of projects
based on the historical rate. The rate of change in sea
level along the eastern Florida coast in the 1940 to 1980
time frame has been on the order of 2.4 mm per vyear. This
rate of apparent sea level rise has been used for recent
Corps of Engineers projects.

A rate of 1.9 mm per year would produce an apparent sea level

rise of 3.7 inches in 50 years. A rate of 2.4 mm per
year would produce a sea level rise of 4.7 inches in 50
years. The net effect of these conditions in the Moultrie

Creek watershed would be the gradual movement of tidal
conditions further upstream within the creek and its tribu-
taries that discharge to tidewater. Ground water conditions
also would be affected with an increased tendency for salt
water intrusion to penetrate further inland from the Matan-~
zas River and the tidewater part of Moultrie Creek.

WATERSHED LOCATIONAL SIGNIFICANCE

The Matanzas River, St. Augustine Harbor, and the St.
Johns County shorelines immediately to the north and south of
the St. Augustine Inlet are impacted by the volumes and qual-
ities of the water discharged from the Moultrie Creek wa-
tershed. Moultrie Creek is one of numerous stormwater dis-
charge sources to the area's estuarine receiving waters,
and stormwater management practices would have to be applied
to all discharge sources to significantly improve water
quality conditions within these coastal receiving water ar-
eas.
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CLIMATE AND RAINFALL

INTRODUCTION

An analysis of c¢limate and rainfall serve as the basis for
sound management of the watershed. The effect of frequent
storm events, the associated periods of flooding, and protec-
tion of the surficial aquifer can be predicted with a greater
understanding of climate and rainfall characteristics within
the basin.

Hydrology deals with the properties, distribution, and circu-
lation of water in the atmosphere, on the surface of the land,
and in the soils and underlying rocks. The movement of water
onto the land as rainfall, into the soils as infiltration,
back to the atmosphere as direct evaporation and transpiration
from plants, and as surface water runoff in streams is a pro-
cess known as the hydrological cycle.

Current climatic conditions of northern Florida are heavily
influenced by the large scale weather systems that move across
the region. St. Johns County climate is also influenced by
marine conditions and related weather events. The informa-
tion provided in this report illustrates the dominant sources
of rainfall to be expected within the County, general charac-
teristics of rainfalls, and criteria for managing the result-
ing stormwater.

The source of water replenishing the Floridan aquifer wunder-
lying St. Johns County is the rainfall received in upland
areas of north central Florida. Governmental actions taken
by St. Johns County cannot control the replenishment of the
Floridan aquifer.

Rainfall received in St. Johns County is the source of water
that replenishes the surficial aquifer underlying the
County. The primary source of potable water in St. Johns
County, water used for human consumption, is the surficial
agquifer. Protection of the surficial aguifer through man-
agement procedures assuring adequate recharge for public wa-
ter supplies and private uses can be controlled by St. Johns



County. Similarly, actions of County government can reduce
the effects of flooding due to rainfall events and provide
protection for some significant natural resources within ju-
risdictional limits.

In this investigation, available hydrological information
has been reviewed from the perspective of the need to pro-
vide for recharge to the surficial aquifer, reduce the ef-
fects of flooding, and provide protection to some significant
natural resources through basin—wide stormwater management
practices. Drainage of lands, as practiced in Florida until
very recently, usually ignored the need to retain stormwater
for aquifer recharge and natural resource area protection
purposes. The protection of these resources requires some
modification of local government infrastructural development
and maintenance practices, changes in local governmental de-
velopment review practices, and multiple purpose hydrologi-
cal analyses and hydraulic designs for projects.

Hydrological information provide the basis of engineering de-
sign of all types of water control works. As a part of this
project, a review was conducted of the ways in which hydrolo-
gical information is conventionally wused in local government
development decisions. Some hydrological analysis criteria
not generally considered in drainage design have been in-
cluded in this report to provide preliminary guidance for
protecting the aquifer and natural resources have those ar-
eas. Hydrological analyses methods and engineering evaluation
procedures specifically oriented towards the design of
water control facilities are referenced below.

A water management handbook will be prepared by the County

as additional development guidance for property owners. Sev-
eral publications are used for water management guidelines

(see bibliography); however these documents do not adequately

address aquifer and natural resource protection needs of St.

Johns County. This deficiency frequently results in delays of

local development approvals while County staff and permit ap-

plicants attempt to determine effective plans and practices in

the absence of clear criteria and review procedures. In addi-

tion to County guidelines, the Handbook will incorporate or

adapt pertinent engineering criteria for evaluations and meth-

odologies developed by the St. Johns River Water Manage-

ment District. The Applicant's Handbook for Management and
Storage of Surface Waters, containing Water Management Dis-

trict guidance can be obtained directly from that agency.

However, St. Johns County criteria, notably those criteria
necessary for establishing stormwater retention facilities,

will prevail in any development proposal review. Other
useful sources of engineering design information are pre-
sented in the bibliography.




CLIMATIC FACTORS

Temperature Influences

Area temperature characteristics and seasonal changes in tem-
perature reflect climatic conditions of the Floridan penin-
sula that contribute to an understanding of hydrological pro-
cess dynamics. St. Johns County has a borderline subtropi-
cal climate with rare, short—duration freezing events affect-
ing the area during the late December through February winter
Sseason.

Historical records for St. Augustine for the period
1902 through 1938 indicated an average January temperature of
58 degrees Fahrenheit with a lowest recorded temperature of
13 degrees. The July average temperature for that period
was approximately 81 degrees with a maximum recorded tem-
perature of 104 degrees. Temperature norms for the 1951 to
1980 period are 51.8 degrees for January and 79.9 degrees for
July.

The study area generally is not subject to severe, long—dura-
tion freezes sufficient to affect road bases and building
foundations, but exposed water pipes may freeze under occa-
sional one to two day freezes during the movement of a se-
vere winter frontal system through the area. The westerly
part of the study area is subject to slightly cooler winter
temperatures than typically occur within the areas close to
the Matanzas River. »

As normal winter conditions within the study area, ice
occasionally has been found on standing shallow water ar-
eas near Tillman Ridge, but this occurrence is rare near

the Matanzas River. Some damage to vegetation has oc-
curred during severe freeze events, with more significant
damage in the interior parts of the watershed. Similarly,

frosts can occur on roofs during December through February
period.

Winter temperatures are cool enough to give a pronounced sea-
sonal character to plant growth. Winter cool weather is suf-
ficient to terminate growth cycles of some plants, while
many others become dormant. As a result, the removal of
water from the surface soils by plant transpiration to the
atmosphere decreases significantly during the winter months.

The eastern fringe of the Moultrie Creek watershed is influ-
enced by microclimatic daily sea breeze conditions. Daily air
exchange between the land and the ocean is noticeable inland
to areas immediately west of Matanzas River. The effect



diminishes in importance generally within one half mile in-
land from Matanzas River. Ocean influenced areas are cooled
daily by air moving off the ocean during summer months and
warmed daily by the ocean effect during winter months.

Storms

The daily sea breeze effect can be expected to result in very
slightly reduced summer rainfall totals in St. Augustine
and along the eastern edge of the watershed. St. Augustine
rainfall is recorded at Radio Station WFOY located about one
mile north of the U. S. Post Office and near the St. Au-
gustine Inlet. This rainfall station is within the area

influenced by the daily sea breeze effects. Sea breeze re-
Jated storms providing rainfalls to 1land areas along the
coast occur occasionally. During these storms, rainfall

typically is more intense within one or two miles of the
coast and diminishes in intensity towards the interior of the
land area.

The familiar summer shower rainfall resulting from heated
land surfaces and cooler air (differential heating and
cooling and corresponding thunderstorms) occurs more fre-
quently over inland parts of the County. This source of
rainfall is typically provided by isolated storms passing
along narrow bands or tracks with short—duration effects.
These storms move with prevailing air currents as cells of
thunderstorms typically one to three miles across. The
highly 1localized rainfall can be intense, on the order of
one to two inches during five to thirty minute periods.
Part of the rainfall evaporates quickly due to summer temper-
ature conditions. Sometimes, an intense rainfall from such
storms produces short—duration ponded water on properties.
If allowed to drain from the land, the water provided from
these storms can be 1lost as runoff. While producing heavy,
localized, and short—duration rainfall on small parts of the
watershed. The common summer differential heating and cool-
ing thunderstorms contribute only part of the area's warm
season rainfall.

Rainfall occurs repeatedly on the watershed £from midsummer
through the winter months when high pressure systems with as-
sociated cold or cool fronts pass from west to east across the
country and sometimes penetrate into Florida. In the summer
months, most frontal systems move to the north of Florida,
but these systems can penetrate southward into north Flor-
ida almost any month of the year. Strong high pressure
systems passing to the north of Florida can generate persis-
tent clockwise air movements resulting in winds from the
northeast that move off the Atlantic Ocean and onto the



eastern coastline of Florida. These are the northeasterly
storms with winds of 20 or more miles per hour and with
cloudy, drizzly weather 1lasting for several days. They can
provide long—duration, low—intensity rainfalls across large
areas. Several inches of rainfall over a two or three day
period can be expected from northeasterly storms.

Heavy localized rainfall can occur when frontal systems
move slowly across north Florida from north to south or
northwest to southeast. The effects can become severe when
the system stalls for an extended period over a part of the
peninsula. As the cooler frontal system air comes into
contact with the warmer, moister air over the Floridan
peninsula, gentle, persistent rainfall occurs on the warm
side of the front. Occasionally, a significant low—pressure
trough develops across the peninsula on the southerly and
warm side of the frontal system. As the frontal system
stagnates or moves very slowly southward, very moist air can
flow from the Gulf of Mexico and move across the peninsula
providing rainfall along the low—pressure trough. The inten-
sity of the low— pressure trough and its duration cannot be
forecast easily, but these factors essentially determine the
intensity of the rainfall associated with the event.

The above type of system was responsible for very heavy rain-
fall in parts of Jacksonville in August 1989 and again in late
September 1989. Recorded rainfall in the second event in
Jacksonville reached the expected 100-year return frequency
rainfall of over 11 inches in twenty—-four hours in the
downtown and northwest parts of the city. Much of the city
{Duval County) received in excess of 4 and 5 inches of
rainfall. Comparable conditions have been responsible for
major flooding events across much of the state of Florida over
the years.

The September 1989 system that affected northeast Florida
provides a useful example of the character of the rainfall in-
cidence to be expected under this weather condition. The
warm, moist air channeled towards the northeast from the
Gulf of Mexico was concentrated in a series of cells with
thunderstorm characteristics moving in bands across the penin-
sula. The rainfall from specific cells was intense, and the
cells deposited differing amounts of rainfall on the areas
over which they passed. At the same time, only a rela-
tively small part of Jacksonville experienced an extremely
heavy rainfall that might be expected on an average of once
in one hundred years.



The trough also produced the heaviest rainfall in a relatively
narrow band. In northeast Florida, Baker, Duval, and Nas-
sau counties received very heavy rainfall, while Clay County
received a lesser amount of total rain, and St. Johns and Put-
nam counties received rainfall amounts that could be ex-
pected annually from frontal weather systems.

Another more typical frontal system moved southward through
St. Johns County on October 8, 1989. The day started with
clear skies, but clouds became dominant by midday. The rain-
fall began in early afternoon and ended in the early even-
ing hours. On that day, radio station WFOY in St. Augus-
tine recorded a rainfall of 1.09 inches. Conditions became
atypical when the front stalled over central Florida set-
ting up unstable atmospheric conditions. A low pressure
trough formed above the wunstable frontal system setting up
a movement of moist Gulf air from the southwest. At the same
time, frontal systems passing to the east and north of Florida
set up a northeasterly air movement from the Atlantic Ocean.
The air moving from the northeast and the cooler Atlantic
Ocean and the warm, moist alr moving from the southwest and
the Gulf of Mexico set up bands of rainfall that became
intense along the coastline Dbetween St. Augustine and Mel-
borne. The combination of moisture laden warm and cool air
resulted in the 11.28 inch daily rainfall recorded at radio
station WFOY on October 10, 1989. However, a rainfall of 16
inches was recorded at the Emergency Management Center in St.
Augustine on October 10. The official National Weather Ser-
vice (NWS) four day rainfall recorded at radio station WFOY
in St. Augustine between October 8 and 11 was 12.45 inches.

A significant part of the late summer, fall, winter, and
spring rainfall in northeast Florida is provided by, or in
association with, cold fronts passing southward along the Flo-
ridan peninsula. Review of storm data records suggest that
frontal system rainfall, including northeasterly storms,
produce the more significant part of the total annual rain-
fall received on most of the Floridan peninsula.

Another important source of rainfall is associated with
the passage of tropical low—pressure systems across the
peninsula. Beginning in the 1980's, the National Hurricane
Center in Coral Gables, Florida, has been reporting the move-
ment of tropical low-pressure systems that move from east to
west across the Atlantic Ocean and pass over the Floridan pen-
insula.

Oon the order of 50 or more of tropical or easterly waves
form each year and move to the west across the Atlantic
Ocean at latitudes of between 10 to 20 degrees. Some form
into low—pressure depressions or troughs that can produce




significant rainfall, typically across the southeast part of
the peninsula. Some of these systems extend northward far
enough to produce heavy rainfall along the northeast Florida
coastline.

When the tropical system becomes organized enough to generate
a circulating wind pattern with sustained wind speeds of more
than 39 miles per hour, it is classified as a tropical storm.
Tropical storms can produce significant rainfall over thou-
sands of square miles of the earth's surface in their paths.
In August 1981 Tropical Storm Dennis deposited over 20
inches of rainfall in a twenty-—-four hour period near Home-
stead, Florida, and relatively widespread rainfall across
much of southeastern Florida. The storm took a track north-
ward through southeastern Florida and back into the Atlantic
Ocean near Fort Pierce. On August 19, Tropical Storm Den-
nis passed to the east of Sst. Augustine and northern Flor-
ida. Over the 6 day period from August 16 to August 21, St.
Augustine received 2.35 inches of rainfall from the dis-
turbed atmospheric conditions associated with this tropical
storm.

When the circulating wind speeds of tropical storms reach
sustained velocities of 74 miles per hour, they are reclassi-
fied as hurricanes. These storms are very rare, and only
a few have produced damaging effects in northeast Florida.
However, northeast Florida can receive rainfall from the

bands of circulating winds and associated cells of thun-
derstorms moving around a hurricane hundreds of miles from
its center. In 1985 Hurricane Elena moved from the Carib-

bean Ocean into the Gulf of Mexico and stagnated for almost
two days about 75 miles southwest of Cedar Key on Florida's
west coast. For several days, outer bands of that storm
passed across northeast Florida producing significant rain-
fall amounts. During the two days of August 31 and September
1, when Elena was offshore of Cedar Key, St. Augustine re-
corded rainfalls totaling 4.09 inches. Any hurricane pass-
ing within roughly two hundred miles of northeast Florida
can be expected to provide some rainfall for local areas.

The rainfall received in northeast Florida and the study area
is largely dependent upon weather conditions that cannot be
predicted on any long-term basis. Much of the annual
rainfall received occurs as a result of large storm systems
that move across the Floridan peninsula. The amount of
rainfall that is produced by any specific weather system
is also essentially unpredictable. Presently, it is not
possible to know with any degree of certainty how much rain-
fall is going to fall daily, weekly, monthly, or annually on
the Moultrie Creek watershed or any other ground water re-
charge area in Florida.



PRECIPITATION

Rainfall Records

St. Johns County rainfall is recorded by the National
Weather Service as part of the north Florida Climatic Division
comprised of 20 counties. The normal annual rainfall for
the Division based upon the 1951-1980 period is 53.61
inches. The normal annual rainfall for the Division based
upon the 1931-1960 period was 52.65 inches. Normal annual
rainfalls based upon the 1951-1980 period were available for
Federal Point, in St. Johns County near the mouth of Deep
Creek, (52.84 inches), St. Augustine (52.6 inches), and
Jacksonville Beach (50.35 inches). From these data, an ex-
pected annual rainfall of 53 inches would be generally
representative of conditions in the Moultrie Creek watershed.

Monthly rainfall records for several stations in the vicinity
of St. Augustine dating from 1877 to 1984 were available for
this study. The National Weather Service has compiled
composite information for these stations useful for esti-
mating general rainfall conditions for the St. Augustine lo-
cality. These data are also generally representative of the
rainfall to be expected on the easterly portions of the Moul-~
trie Creek watershed.

The composite rainfall records for St. Augustine show a varia-
tion in the annual rainfall ranging between 29.2 (1956)
and 79.5 (1953) inches, with a long—term (1917-1984) average
annual rainfall of 50.7 inches. No real pattern exists
to establish a trend in annual rainfall variation. In il-
lustration, the five vears with the highest annual rainfall
and the five years in the record with lowest annual rainfall
are presented in TABLE 2-1. ANNUAL RAINFALL EXTREMES ST. AU-
GUSTINE, FLORIDA. ' ’
The National Weather Service has produced an atlas of
monthly Palmer hydrological drought indices for the contig-
uous United States. The Palmer drought index data for the
North Florida Climatic Division was reviewed to determine
the |, duration of periods in the rainfall record with below
average rainfall and those periods with above average rain-
fall. Drought Index information was available for the 1,032
month period between 1898 and 1984.

The data indicated that about 5.2 percent of the record pe-
riod (54 months) had extended drought conditions, with evapo-
transpiration exceeding rainfall on an average for three or



TABLE 2-1 .

ANNUAL RAINFALL EXTREMES
ST. AUGUSTINE, FLORIDA
{Record Period 1877 to 1984)

5 Years With Greatest 5 Years With Least
Total Annual Rainfall Total Annual Rainfall
Amount Amount

Rank Year (Inches) Rank Year (Inches)
1 1953 79.91 1 1956 29.20
2 1964 79.50 2 1911 31.59
3 1972 73.61 3 1954 34.14
4 1942 71.84 4 1927 34.41
5 1880 67.34 5 1917 34.79

more months. The most significant drought period affecting
the Moultrie Creek watershed extended for 16 months between
November 1955 and February 1957. Recorded monthly rainfall
for this period at St. Augustine was 32.69 inches, or 54.7
percent of the normal rainfall.

Extended wet periods represented 3.1 percent of the record
time frame. The longest extended wet period for the North
Florida Climatic Division extended for 8 months between Octo-
ber 1947 and May 1948. 1In the time frame between September
1947 and March 1948, monthly rainfall at St. Augustine ex-
ceeded the normal of 29.23 inches for those months by 37
percent.

The above data were presented to illustrate the likely range
of extended period rainfall variability which should be ex-
pected in the Moultrie Creek watershed. Extended periods of
drought and above normal rainfalls can be expected at any
time in the future. Lack of rainfall for extended periods
is particularly significant in St. Johns County where the
surficial aquifer is used heavily for' potable water sup-
plies.

The extended wet periods also provide information useful
for stormwater management planning. The large areas of
flatwood soils within the Moultrie Creek watershed have normal
high water tables during the winter months of the year. Ex-
tended wet periods can be expected to result in saturated
soils and shallow flooding within high natural water table
areas during these prolonged wet periods. Consideration of



wet season water table conditions should be incorporated into
revisions of water management framework. Of special concern
are the public health and safety needs of people 1living in
developments permitted in areas where water tables are nat-
urally higher and where shallow flooding is a highly
probable natural occurrence.

Average Daily Rainfall

The available hourly and daily data for rainfall stations in
St. Johns County were reviewed to develop basic information
on the number of rainfall events to expect annually and the
amounts of average daily rainfall to expect during in-
dividual events. Hourly precipitation data were not avail-
able for any station that might be representative of the
Moultrie Creek watershed. All stations reviewed had miss-
ing data, but the Hastings rainfall station had a continuous
record of daily rainfall amounts for the period £from January
1978 to December 1986, a 9 year period. The Hastings
rainfall gage is 1located at the Agricultural Center about
10.5 miles southwest of I-95 and State Road 207 and the
southwesterly part of the Moultrie Creek watershed.

The total rainfall record period reviewed for Hastings con-
sisted of 3287 days. During the record period, some rain
fell on 1041 days, or 30.7 percent of the days in the period.
However, 388 of the days with rainfall had total amounts of
less than 0.1 inches, and this rainfall represented only 3.1
percent of the total received at Hastings during the 9 year
period. Daily rainfalls of 0.1 inches approximate the amount
of water lost each day to evapotranspiration and do not ef-
fectively contribute to ground water recharge.

No intense nor prolonged periods of extreme rainfall were re-
corded. The maximum daily rainfall recorded for the period
was 4.68 inches. All of the maximum daily rainfalls can be
accounted for in the context of normal events to be expected
annually or on a two vyear expected return frequency basis.
No attempt was made to separate the data into rainfall
events. Daily records do not permit the identification of
storms that begin on one day and end one or more days later.

Review of the daily data identified numerocus periods during
fall, winter, and spring months when no rainfall was recorded
for ten and more days. One time frame of 26 days with no
rainfall occurred during the record period. Some rainfall
occurred on about 31 percent of the total days in the period,
but daily rainfalls of more than 0.1 inches occurred on
only 653 days, about 20 percent of the total days in the 9
year period. Distributing the 653 rainfalls evenly through-
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out the total period would reflect one day with rainfall of
more than 0.1 inches on an average of about once every five

days.

The daily rainfall recorded at Hastings during the 9 year pe-
riod is summarized in TABLE 2-2. DAYS WITH RAINFALL HASTINGS,
FLORIDA, and TABLE 2-3. AVERAGES OF DAILY RAINFALL AMOUNTS
HASTINGS, FLORIDA. Table 2-2 describes the general distribu-~
tion of days with rainfall grouped by categories of rainfall
amounts recorded. This table illustrates the rare condition
of daily rainfalls with more than two inches. The data
identified only 32 days in the nine year period with daily
rainfalls of more than two inches; a frequency of 3.5 days per
year with rainfalls exceeding two inches.

Table 2-3 summarizes the average rainfall received each year
by categories of rainfall amounts. The average annual rain-
fall at Hastings is 53.9 inches. The first 0.5 inches of ev-
ery rainfall amounts to an average annual total of 29.5
inches. If the first 0.5 inches of all rainfalls are re-
tained or stored and allowed to infiltrate into the ground
as water table recharge, about 55 percent of the annual
rainfall would become available for this purpose. Retention
of the first 1.0 inch of every rainfall would mean that no
runoff would be allowed for rainfalls of 1less than 1.0

inches. Under this condition, almost 78 percent of the
average annual rainfall would become available for re-
charge. Retention of the first 2.0 inches of every rainfall

would represent the potential storage of almost 92 percent
of all normal annual rainfall amounts.

TABLE 2-2
DAYS WITH RAINFALL

HASTINGS, FLORIDA (Station No. 3874)
January 1978 to December 1986

Daily Number of Percent of Percent of
Rainfall Rainfall Total 3287 Days
(Inches) Days Rainfall in Period
Days

0.0 — 0.1 388 37.3 11.8
0.1 — 0.49 353 33.9 10.7
0.5 — 0.99 155 14.9 4.7
1.0 - 1.99 113 10.8 3.4
2.0> 32 3.1 0.1

Total 1041 100.0 30.7
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TABLE 2-3

AVERAGES OF DAILY RAINFALIL AMOUNTS
HASTINGS, FLORIDA (Station No. 3874)
January 1978 to December 1986

Daily Average Annual Annual Annual
Rainfall Rainfall Average of Average of Average of
(Inches) Per Year First 0.5 First 1.0 First 2.0

Inches Inches Inches Inches

0.0 - 0.1 1.7 1.7 1.7 1.7
0.1 - 0.49 10.5 10.5 10.5 10.5
0.5 — 0.99 13.6 8.6 13.6 13.6
1.0 — 1.99 1l6.6 6.3 12.6 16.6
2.0> 11.5 2.4 3.6 7.1
Annual 53.9 29.5 42.0 49.5

Daily rainfalls greater than 2.0 inches represented 4.4
inches of the annual average rainfall.

Until further studies of rainfall characteristics are under-
taken for a larger number of stations, the above data can be
used to estimate annual rainfall characteristics to be
expected in interior St. Johns County. Standard urban area
drainage systems are sized to provide for the removal of ex-
cess stormwater from rainfall events with total amounts
greater than reflected in the above data. Runoff from a 25
year 24 hour rainfall is sometimes used to establish the
maximum capacity of a drainage system. Unless the storm-
water systems are also designed to detain or retain the
routine daily rainfall amounts expected on an annual basis,
overdrainage and associated long—term local ground water de-
ficiency problems can occur.

Expected Rainfall Return Periods

Economic and engineering evaluations of water management mea-
sures and facilities requires information on the expected
likelihood (return period) of rainfalls of some frequency
and duration. Cooperation between the U. S. Weather Bureau
and the U. S. Department of Agriculture, Soil Conservation
Service, began in 1955 for the purpose of defining the depth-
areca—duration frequencies of rainfall in the United States.
These efforts resulted in the Rainfall Frequency Atlas of
the United States, Technical Paper No. 40, published in May
1961. This document provided generalized information for
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rainfall with durations from 30 minutes to 24 hours and re-
turn periods from 1 to 100 vyears.

A second technical paper was produced by the Weather Bureau
in 1964 (Technical Paper No. 49). This document provided
generalized information for two— to ten—day precipitation
for return periods of 2 to 100 years in the contiguous United
States. This document was an extension of the work pub-
lished in Technical Paper No. 40. A final document was
published in June 1977 that provided five— to 60-minute pre-
cipitation frequency information for the eastern and Cen-
tral United States( NWS HYDRO-35). The latest document pro-
vides guidance specifically for the hydrological planning and
design for small area drainage areas.

The map and technical information from the above three docu-
ments has been assembled to represent probable rainfall re-
turn conditions in St. Johns County. The data derived
from the above sources 1is provided in TABLE 2-4. PROBABLE
RETURN FREQUENCIES OF PRECIPITATION AMOUNTS ST. JOHNS COUNTY,
FLORIDA.

As part of the Weather Bureau's initial study effort, a sta-
tistical probability analysis was conducted to establish the
degree that data for a rainfall station represents rainfall
on adjacent areas. Results from this part of the
Weather Bureau's evaluations indicate the following: 95
percent of 24 hour rainfall data recorded at a location
would be applicable to an adjacent 50 square mile water-
shed and about 92 percent of the rainfall data would be
applicable to a 400 square mile watershed. These findings
suggest that the daily rainfall recorded at St. Augustine or
Hastings would be generally representative of rainfall occur-
ring on the Moultrie Creek watershed.

The Weather Bureau's findings also indicate that as the dura-
tion of the rainfall event decreases, the rainfall station
data are applicable to smaller areas. For example, only
about 70 percent of a 30 minute rainfall recorded at a
station would be expected to directly apply to a nearby 50
square mile watershed. This concept reflects the condi-
tion that 1localized rainfall systems affecting small areas
tend to be associated with short—duration rainfalls. As a
result of these limitations and as an example, it would not
be appropriate to directly apply hourly rainfall data from
the Hastings rainfall station with rainfall and subsequent
conditions occurring on the Moultrie Creek watershed, but
daily rainfall data would generally remain applicable.
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TABLE 2-4
PROBABLE RETURN FREQUENCIES OF PRECIPITATION AMOUNTS
ST. JOHNS COUNTY, FLORIDA
(PRECIPITATION IN INCHES)

RAINFALL RETURN PERIOD
DURATION (years)
(Minutes) 2 5 10 25 50 100
5 0.57 0.62 0.66 0.74 0.79 0.85
10 0.97 1.09 1.18 1.33 1.44 1.56
15 1.25 1.41 1.54 1.74 1.89 2.10
30 1.72 2.07 2.33 2.71 3.00 3.30
{Hours)
1 2.2 2.6 3.0 3.4 3.8 4.2
2 2.7 3.5 3.9 4.5 4.8 5.4
3 3.0 3.9 4.2 5.0 5.5 6.0
6 3.6 4.5 5.3 6.0 6.8 7.3
12 4.4 5.5 6.5 7.2 8.2 9.0
24 5.0 6.5 7.6 8.8 10.0 11.0
(Days)
2 5.5 7.3 8.3 10.0 12.0 12.8
4 6.3 8.2 10.0 12.1 13.8 14.6
7 7.5 9.3 10.6 12.7 14.5 16.2
10 8.2 10.4 12.4 14.5 16.2 18.0

Probable maximum 6 hour rainfall (PMP) for 10 square miles
is about 31 inches in northeast Florida. The main purpose
of the PMP value is to provide complete-safety design crite-
ria in cases where a water control structure failure would be
disastrous.

SOURCES: vValues for rainfall durations in minutes were de-
rived from: Ralph H. Frederick, et. al., FIVE—- TO 60— MINUTE
PRECIPITATION FREQUENCY FOR THE EASTERN AND CENTRAL UNITED
STATES, NOAA Technical Memorandum NWS HYDRO-35, Office of Hy-
drology, National Weather Service (NWS), National Oceanic and
Atmospheric Administration (NOAA), Silver Springs, Md.,
June 1977. Values for rainfall durations in hours were
derived from: David M. Hershfield, RAINFALL FREQUENCY ATLAS
OF THE UNITED STATES For Durations from 30 Minutes to 24
Hours and Return Periods from 1 to 100 Years,Technical Paper
No. 40, Weather Bureau (now the NWS of NOAA), U. S. Depart-
ment of Commerce, Washington, D. C., May 1961. Values for
rainfall durations in days were derived from: John F. Miller,
Two— to Ten-Day Precipitation for Return Periods of 2 +to 100
Years in the Contiguous United States, Weather Bureau,
U. S. Department of Commerce, Washington, D. C., 1964.
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3

GEOLOGY AND LANDFORMS
GEOLOGY

Upper Surficial Sediments

The upper 50 to 60 feet of materials underlying St. Johns
County and the Moultrie Creek watershed is comprised of sands,
shells or coquina, and small amounts of clay. These materi-
als apparently were deposited during the warm interglacial
periods when sea levels were considerably higher than cur-
rent conditions. Following successive depositions, several
periods of erosion and redeposition apparently occurred.
This process gradually shaped the surface materials to pro-
duce the characteristics of landforms currently found within
the County.

Geologists have traced a series of continental glacial ad-
vances and retreats over the past one to two million years
which they identify as the Pleistocene Epoch. Scientists
generally consider that the Pleistocene Epoch ended about
10,000 vyears ago, and we are living within a geological pe-
riod known as the Recent or Holocene age.

The maximum penetration of the 1last major glacial advance on
the North American Continent is now considered to have oc-
curred about 18,000 years ago. Geologists have estimated
that ocean levels were over 100 feet lower than present sea
level during the height of this glacial period.

A gradual worldwide rise of ocean levels has been occurring
since the last retreat of the continental glaciers. The last
continental glacier receded from the United States part of
North America about 7,000 to 9,000 years ago. As a result of
studies conducted near Miami in Biscayne Bay scientists have
concluded that sea level was about six feet below current
ocean levels approximately 6,000 years before the present.
We are now living in a geological age with current climate
and sea level conditions reflecting an interglacial period in
the geological history of the earth.



At least four Pleistocene interglacial ages appear to have
significance relative to surficial sediments in St. Johns
County. * An interglacial wperiod labeled the Penholoway Age
produced remnant terraces in Florida at an altitude of about
70 feet. During this age, probably all of St. Johns County
was an offshore bar of an ancient ocean shoreline.

The second interglacial period has been termed the Talbot
Age which resulted in sea cut terraces on the Floridan penin-
sula at an altitude of about 40 feet. During this intergla-
cial period, the Tillman Ridge apparently was a shallow shoal
and island area with sand dunes rising at 1least ten feet
above sea level. The Moultrie Creek watershed area would
have been a gently sloping beach and foreshore area.

The third interglacial period has been named the Pamlico age
when terraces were cut at an elevation of about 25 feet above
current sea level. Recent scientific studies conducted on
coral reef terraces in the Barbados Islands and in New
Guinea have determined that the world's oceans were at an
elevation of about 20 feet above the current level approxi-
mately 125,000 years ago.

Finally, poorly defined Silver Bluff terrace remnants exist
around the Floridan peninsula at elevations of between five
and ten feet above current sea level. The Talbot and Silver
Bluff interglacial periods could be expected to have pro-
duced the final shaping of the lower landforms in St. Johns
County. From these periods to the present, stormwater runoff
gradually cut Moultrie Creek and 1its tributary streams into
the low plateau that is now the Moultrie Creek watershed.

Lower Sediment Deposits

Beneath = the Moultrie Creek watershed, the upper 50 to 60 feet
of sediments are underlain by more dense, less permeable
sand, shells, sandy clay, and clay about 25 to 50 feet in
thickness. These materials rest wupon the blue to green clay
materials of the Hawthorn Formation. The Hawthorn Formation
forms an aquiclude (an impermeable layer) or aquitard (an
area of low permeability) that separates the materials iden-
tified with the St. Johns County surficial aquifer from the
limestone formations associated with the Floridan aquifer.

Limestone Formations

The top of the 1limestone formations beneath the Moultrie
Creek watershed is generally found about 200 feet beneath land
surface. South of the Moultrie Creek watershed the top of



the limestone occurs about 150 feet beneath land surface.
The several rock formations extending to about 350 feet be-
neath 1land surface are now collectively called the Ocala
Group. These formations are the primary and more produc-
tive artesian water supply sources associlated with the Flo-
ridan aquifer.

LIMESTONE FORMATIONS

General

The top of the limestone formations underlying north cen-
tral Florida and St. Johns County slope generally from
southwest to northeast. In central Alachua County and
western Marion County, the top of the Floridan aquifer is
found 50 to 75 feet above mean sea level. The top of the
limestone formations in this central Florida area 1is di-
rectly overlain by a zone of permeable silica sands. This
sand zone has been identified as a secondary artesian aquifer
in St. Johns County.

The Hawthorn Formation that functions as an aquiclude or
aquitard (preventing or retarding the upward or downward move-
ment of water) is missing from the central Florida uplands
of western Clay and Putnam counties, and most of Alachua and
Marion counties. Additionally, substantial solutioning has
occurred within the limestone formations, resulting in sink-
hole formations where the limestone is near the land surface.
Where sufficient surface material debris has partially plug-
ged the exposed drainage points within sinkholes, surface
water ponding has occurred.

In the Moultrie Creek study area, the top of the Floridan
aquifer 1is generally found at elevations of 175 to 200 feet
below mean sea level. Along the St. Johns County coast,
the top of the Floridan aquifer in the vicinity of Pellic-
er Creek, at the south boundary of the County, is about 150
feet below mean sea level. In the Ponte Vedra area on the
north, it occurs more than 350 feet below mean sea level.

Water Supply Aquifers

Floridan Aquifer
Rainwater falling on Clay, Alachua, and other interior coun-
ties infiltrates into the surface sands or runs off di-

rectly into sinkholes. These localities are considered as
primary Floridan aquifer recharge areas that establish the



water pressure head for fresh water withdrawn from the lime-
stone formations beneath St. Johns County. Rainwater enters
the 1limestone aquifer through permeable materials in areas
where local water tables are at elevations higher 